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METHOD OF TRANSPARENTLY REDUCING POWER CONSUMPTION OF A 
HIGH-SPEED COMMUNICATION LINK 

5 

BACKGROUND OF THE INVENTION 

1 . Technical Field : 

The present invention is directed generally to 
10 integrated circuit technology. More specifically, the 
present invention is directed to a method of transparently 
reducing power consumed by a high-speed communication link. 

2. Description of Related Art: 

15 With the advent of fast processors, data-intensive 

applications (e.g., multimedia, graphics) and network 
architectures such as wide area networks etc., there has 
been an increasing demand for high data bandwidth in the 
computer industry. One method that has been used to meet 

20 that demand is to transfer data in parallel to obtain a 
higher aggregate bandwidth. Basically, the data is broken 
down into packets and the packets are routed to a 
multiplicity of communication link transmitters. The 
transmitters then transfer the packets of data to 

25 corresponding communication link receivers. Once received, 
the data is serialized and processed. 

Due to the recent emergence of systems-on-a-chip (SOC) 
products, it is inevitable that the communication links 
would be embedded in chips. In an SOC, all the electronics 

30 of a computer system, for example, or large portions of 
packet switch systems are integrated onto a single chip. 
Generally, the SOCs are implemented using complementary 
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metal oxide semiconductor (CMOS) technology. CMOS 
transistors are constantly decreasing in size, leading to 
ever-faster transistors and higher degrees of integration. 
Indeed, some 0.1 micron CMOS circuits may contain thousands 
5 of transistors and operate in the GHz range. In addition, 
CMOS circuits can operate at very low voltages. Hence, CMOS 
technology is ideal for implementing these communication 
links on a chip. Note that the communication links will 
henceforth be referred to as high-speed communication links 

10 to stress the fact that they operate in the GHz range. 

As is well known in the art, the more digital logic 
that is integrated in a chip, the more power the chip 
consumes. And, since only a limited amount of heat 
generated by a chip can be dissipated through the chip 

15 package, the chip has to be designed such that its 
performance is maximized while its power consumption is 
minimized. 

Consequently, what is needed is a method of reducing 
communication link power consumption and thus the power 
20 consumption of the SOC within which the link is embedded. 
In doing so, however, the link's performance characteristics 
should be maintained while costly over-design of the link is 
avoided. 
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SUMMARY OF THE INVENTION 

The present invention provides a method of reducing 
power consumption while maintaining performance 
5 characteristics and avoiding costly over-design of a high- 
speed communication link embedded in an SOC. The method 
includes synthesizing the communication link at a reduced 
voltage to determine and isolate circuitry that is supply- 
voltage-critical from circuitry that is non-supply-voltage- 

10 critical. The supply-voltage-critical circuitry contains 
components that may not operate at the reduced voltage 
without degrading the performance characteristics of the 
communication link. A non-reduced voltage is used to drive 
the supply-voltage-critical circuitry while the reduced 

15 • voltage is used to drive the non-supply-voltage-critical 
circuitry. The reduced voltage is generated using a voltage 
regulator embedded in the communication link. 

In one embodiment, the two circuitries interface each 
other at a boundary that is selected to yield the minimal 

20 amount of interfacing points. This optimizes the 

communication link since a level shifter has to be used at 
each interfacing point to change the voltage level of 
migrating signals . 

Further, the SOC may contain hundreds of high-speed 

25 communication links. Each communication link has an 
embedded voltage regulator. Consequently, the area of the 
SOC used by the regulators may be substantial. To minimize 
this area, a plurality of the high-speed communication links 
may be designed to share a common voltage regulator. 

30 
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BRIEF DESCRIPTION OF THE DR&HIWGS 

The novel features believed characteristic of the 
invention are set forth in the appended claims. The 
5 invention itself, however, as well as a preferred mode of 
use, further objectives and advantages thereof, will best be 
understood by reference to the following detailed 
description of an illustrative embodiment when read in 
conjunction with the accompanying drawings, wherein: 
10 Fig. 1 is a perspective view of an SOC. 

Fig. 2 depicts two SOCs being connected to each other. 

Fig. 3 depicts a low-power serial link receiver. 

Fig. 4 is a detailed representation of the receiver 
core of Fig. 3. 

15 Fig. 5 depicts an exemplary CMOS voltage regulator. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Turning to the figures, Fig. 1 is a perspective view of 
an SOC 100. The SOC 100 may include hundreds of low-power 
5 integrated high-speed communication links 105 and a 
multiplicity of input/output (I/O) pins 110. The high-speed 
communication links 105 are generally implemented as CMOS 
circuits using ASIC (application specific integrated 
circuit) and/or FPGA (field programmable gate array) 

10 technology. The high-speed communication links 105 may be 
interconnected through metal traces embedded in the chip 
and/or they may be connected to other ASICs and/or FPGAs on 
other chips or SOCs as shown in Fig. 2. 

The high-speed communication links 105 may be serial 

15 link receivers and/or serial link transmitters. The 
invention will be disclosed using a serial link receiver. 
However, it should be obvious to one skilled in the art that 
the disclosure is equally applicable to serial link 
transmitters . 

20 Fig. 3 depicts a low-power high-speed serial link 

receiver (or clock-and-data recovery link) . These links 
generally contain analog circuitry. However, due to signal 
processing complexities brought by stringent bit-error-rate 
requirements, an increasingly large portion of the links is 

25 becoming digital. Hence in the figure, both analog and 
digital circuitries are shown. For example, circuitry 305 
is analog and circuitries 310 and 315 are digital. 

Digital circuitries 310 and 315 are separated from each 
other because they operate at different voltage levels. 

30 Circuitry 310 operates at V DD , the voltage supplied to the 
SOC and circuitry 315 operates at V DDL , a voltage lower than 
V DD . The lower voltage is used to minimize the 
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communication link's power consumption since power 
consumption equates largely to heat generation, a primary 
enemy of performance. Thus, minimizing the link's power 
consumption may allow more high-speed communication links to 
5 be embedded in the SOC, which may then yield a greater 
aggregate bandwidth. 

As will be shown later, to supply the lower voltage to 
circuitry 315, an embedded voltage regulator is used to 
down-convert V DD to V DDL . A key benefit of using the voltage 

10 regulator is that in addition to reducing the voltage V DD , 
the regulator also reduces voltage variations or 
fluctuations. Particularly, a standard voltage supply may 
have a voltage fluctuation window of l.lv-1.3v (a 15% 
variation) whereas a regulator may have a window of 0.94v- 

15 0.96v (less than 3% variation). Wide voltage fluctuations 
make it more difficult to reduce power, because the logic 
may have to be over-designed (i.e., certain components may 
have to be over-sized and/or buffers may have to be added) 
in order to satisfy both the high and low fluctuation 

20 points. 

To determine which part of the digital circuitry is to 
be supplied V DD and which part will be supplied V DDL , the 
circuit is re-synthesized using the V DDL voltage level. To 
re-synthesize a digital circuit is to re-arrange the logical 

25 gates of the circuit to satisfy a set of logic equations 
while certain timing constraints are maintained. During the 
re-synthesizing process, some components may be resized 
and/or customized. All components that become a data 
bottleneck at the V DDL voltage level despite re-synthesis and 

30 resizing may be labeled performance-critical or supply- 
voltage-critical components . All performance-critical 
components are supplied the original voltage (i.e., V DD ) . 
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Circuitry 310 contains all the performance-critical 
components and circuitry 315 contains the remainder of the 
digital circuit. 

At each of the points where the circuitry 310 
5 interfaces with the circuitry 315, a level shifter is used. 
A level shifter changes the voltage of a signal to a 
different voltage. For example, suppose V DD is 1.2v and V DDL 
is 0.9v. Suppose further, that a 1.2v signal and a 0.9v 
signal are each a logical one (1) . When a logical one (1) 

10 signal migrates from circuitry 310 (i.e., the V DD -supplied 
circuitry) to circuitry 315 (the V DDL -supplied circuitry) , 
its voltage has to be changed from 1.2v to 0.9v. 
Conversely, when the logical one (1) signal migrates from 
the circuitry 315 to the circuitry 310, its voltage has to 

15 be changed from 0.9v to 1.2v. Thus, level shifters ensure 
that correct voltages are used to properly represent 
signals. Note that for small voltage differences, only low- 
to-high level shifters need be implemented as circuits. 

In any event, since a level shifter has to be used at 

20 each interface point between the two voltage circuitries, 
the position of the border between the standard-voltage 
circuitry and the low-voltage circuitry should be optimized. 
That is, the number of interface points between the two 
voltage regions should be minimized. This, in turn, 

25 minimizes any overhead (power and SOC's real estate) that 
may be due to the level shifters. 

Returning to Fig. 3, V DD is supplied to the high-speed 
receiver link via connector 320 and data 350 enters the 
receiver through input connector 300. As shown, the signal 

30 representing data 350 has some jitter and implicitly 
contains clock information 360. The data 350 may travel 
back and forth between logic circuit 310 and logic circuit 
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315 while being processed. After processing, the signal 
emerges as digital data 355 out of output connector 325 and 
clock information 360 is exited out of output connector 330. 
Fig. 4 is a detailed representation of the receiver 
5 core of Fig. 3. In Fig. 4, an embedded linear voltage 
regulator 404 is shown. It is well known in the art to 
embed linear voltage regulators, which themselves are 
electronic devices, in a chip; and consequently, the method 
of integrating a voltage regulator in a high-speed link 

10 receiver will not herein be described. 

The voltage regulator 404, performance-critical logic 
components or circuit 406, retiming circuit 414, 
receiver/sampler circuit 416 and clock generation circuit 
418 all receive a V DD voltage level. The V DD voltage level 

15 is fed to the high-speed receiver link via connector 402. 
As mentioned above, the voltage regulator 4 04 reduces the 
V DD voltage level to a V DDL voltage level. The V DDL voltage 
level is used to drive data and clock extraction circuit 
408, clock control circuit 412 and parallel interface 410. 

20 Data enters the high-speed link receiver via connector 

424 connected to receiver/sampler 416. The data generally 
comes into the link as an analog signal and is digitized by 
the receiver/sampler 416. From the receiver/sampler 416, 
the data travels to a retiming circuit 414 that synchronizes 

25 the sampled bits. From the retiming circuit 414 the data 
goes to data and block extraction 408. 

As previously mentioned, the data may move back and 
forth between performance-critical circuit 406 and data and 
clock extraction 408 through level shifters 420. When the 

30 data is recovered, it may exit the high-speed link receiver 
from parallel interface 410 via connector 422. The clock 
information extracted by data and clock extraction 408 is 
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sent to clock generation circuit 418 from clock control 
circuit 412. There too, a level shifter 420 is used. 

Obviously, each embedded voltage regulator 404 will use 
an area of the SOC's real estate. This area may be 
5 substantial as there may be hundreds of these high-speed 
links (receivers and transmitters) on the chip. Thus, to 
minimize the area used by the regulators, one voltage 
regulator 404 may be shared by a plurality of the high-speed 
links. For example, a voltage regulator has an output 

10 section and a core section. The core section typically 
includes a voltage reference section. The voltage reference 
section does not vary significantly with load. Thus, to 
have more than one high-speed link share a voltage 
regulator, only the output of the regulator needs be varied. 

15 Fig. 5 depicts an exemplary CMOS voltage regulator. 

Section 505 of the regulator is the voltage reference 
section and does not vary significantly with the load on the 
regulator. Thus, the more links that share a voltage 
reference, the greater the area saved. 

20 The present invention was evaluated on a 0.12 micron, 

3.125 Gigabit/sec CMOS communication link receiver by means 
of a simulation study. For a 4-link core, applying the 
invention yielded the results shown in the table below. 



High (original) Voltage level 


1.2v 


Low Voltage Level 


0.9v 


Voltage Regulator Type 


Linear 


Digital Power Consumption 


30% reduction (including 
regulator losses) 


Performance 


No Penalty 


Area 


2% Penalty 



25 
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Thus, the invention has the following advantages: (1) 
significant reduction of power consumption, (2) ability to 
recover performance lost due to supply voltage reduction, 
(3) transparency of low-voltage scheme to the SOC where the 
5 link is embedded, (4) no impact on the number of I/O pins in 
the SOC, (5) low impact of power distribution in the SOC, 
(6) reduced area impact of power reduction when scaled to 
multiple links, and (7) ability to meet wide voltage supply 
variation requirements without over-designing the logic thus 

10 saving more power. 

The description of the present invention has been 
presented for purposes of illustration and description, and 
is not intended to be exhaustive or limited to the invention 
in the form disclosed. Many modifications and variations 

15 will be apparent to those of ordinary skill in the art. The 
embodiment was chosen and described in order to best explain 
the principles of the invention, the practical application, 
and to enable others of ordinary skill in the art to 
understand the invention for various embodiments with 

20 various modifications as are suited to the particular use 
contemplated . 
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